Physiological responses to infection by strains of Rhizobium leguminosarum which differed in their capacity to reduce N2 were determined in 26-day-old pea plants (Pisum sadvum L. cv. Alaska) grown under uniform environmental conditions in the absence of combined N. The highest N2 reduction rates, calculated from H2 evolution and C2H2-dependent C2H4 production measurements, were approximately 6-fold greater than the lowest. Higher N2 fixation rates were associated with greater CO2 exchange rates (R2 = 0.92) and carboxylation efficiency (R2 = 0.99). Increases in the apparent relative efficiency of N2 fixation II-(H2 evolved in air/C2H2 reduced)l (acteroid efficiency) were associated with increases in whole-plant N2 fixation efficiency (N2/CO2 reduction ratio) (R2 = 0.95). Whole-plant dry weight and total N content were related by regression analysis (R2 = 0.98); both parameters were enhanced by increased N2 fixation in a manner analogous to previously reported increases caused by greater external applications of NH4'. These data reveal that photosynthetic parameters in genetically uniform host plants grown under identical environmental conditions are affected by N2 fixation characteristics of the rhizobial symbiont. The measured efficiencies of micro-and macrosymbiont are directly related under uniform environments.
Dependence of N2 fixation on photosynthetic products is a concept supported by data of numerous investigations (3, 4, 6, 10) . It is axiomatic that the capacity of the photosynthetic apparatus to provide required photosynthate for all plant functions including N2 fixation is controlled to a large extent by the availability of reduced N. Previous work has shown that photosynthesis in 26-day-old Alaska peas (Pisum sativum L.) is strongly influenced by availability of reduced nitrogen, whether it is supplied exogenously or by the Rhizobium symbiosis (2) . The present study was begun to determine whether photosynthesis in a genetically uniform host legume grown under controlled conditions could be altered by providing Rhizobium strains which differed in their capacity to reduce N2. MATERIALS RESULTS AND DISCUSSION Symbiotic N2 fixation rates were calculated from C2H2 reduction and H2 evolution data for all Rhizobium strains tested in association with Alaska pea (Table I) . A comparison of C2H2 reduction and H2 production with the computed N2 fixation values obtained in this experiment supports the concept (9) that C2H2 reduction values can misrepresent N2 fixation in the absence of H2 evolution data from the same root nodules. Of 10 possible comparisons between strains for N2 fixation and RE, only one (128C53-92A2) was not significantly different (P c 0.05) in Duncan's multiple range test (5) . The same procedure, however, revealed that only strain 92F I differed significantly from the other four strains in C2H2 reduction capacity. One interpretation of these data is that strains 128C53 and 92A2 had a greater rate of calculated N2 fixation than strains TAIOI and 175G10 because the former evolved less H2 as reflected in the RE values. Strain 92FI had enhanced N2 fixation not only because of a greater RE but also because of a greater flux of electrons passed through the nitrogenase complex (greater C2H2 reduction). Thus, there may be at least two genetic mechanisms in Rhizobium by which N2 fLxation can be enhanced.
Regression analysis of RE and N2/CO2 values in Table I revealed that these data fitted a nonlinear function (y = 0.31 e 63X) with R2 = 0.95 (P c 0.05). This finding suggests that under uniform environmental conditions, such as those used in this study, increases in RE of the microsymbiont were associated with (Fig. 3) . The capacity of the microsymbiont to provide NH4' for the host plant, therefore, was reflected directly in host response. Maximum N content in the symbiotic plants (strain 92FI) was about 40 mg of reduced N/plant, an amount which corresponded to that found in plants grown in the absence of Rhizobium under identical conditions except for an external 4 mm NH4' supply (2) . Plants grown with less efficient rhizobial strains had total N contents comparable to nonsymbiotic plants provided with smaller amounts of NH4'. Total plant dry weight, however, was significantly greater (P c .01) in the nonsymbiotic peas grown with 8 and 16 mm NH4+ (2) than in the symbiotic plants (Fig. 3) . This difference in dry weight is probably due to stunting (7, 8) of pea seedlings which are N-deficient until the N2 fixation mechanism becomes fully functional.
Several phenomena actively influenced the results of this study. Data in Figure 3 , which integrate all C and N metabolism occurring after seed imbibition, reveal that those plants which benefited from a more active N2-fixing symbiosis had a greater dry weight 26 days after germination. This fact is a consequence of the interdependence of photosynthesis and N2 fixation. Although both the N2/C02 uptake ratio (Table I) and whole-plant CER (Fig. I) increased with greater N2 fixation, it is apparent that neither symbiotic N2 fixation nor photosynthetic C02 reduction could increase without limits. In Figure 1 conditions. A similar argument may be applied to the N2 fixation-N assimilation relationship in 26-day-old peas in this study (Fig.  4) It is apparent from data in Figure 4 that N2 fixation rates in 26-day-old peas were not sufficient evidence on which to predict whole-plant N content. Nevertheless data from these experiments show that Rhizobium strains which are capable of providing greater quantities of reduced N can affect photosynthetic rates and growth of peas during vegetative growth. Whether such benefits extend beyond flowering (day 28) to influence total biomass productivity and seed yield is unknown. LITERATURE CITED
